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©  Combined  ether  and  alkylate  production. 

@  A  process  and  system  for  producing  an  ether  from  an 
alcohol  and  a  tertiary  olefin  wherein  inerts  are  present  in  and 
are  removed  from  the  alcohol  prior  to  the  ether  production, 
so  that  unreacted  olefins  recovered  from  the  ether  manufac- 
ture  can  be  used  to  alkylate  an  isoparaffin  without  the 
problem  of  contaminants  and/or  inerts  accumulating  in  the 
overhead  system  of  the  alkylation  fractionation,  which 
accumulation  of  contaminants  and/or  inerts  requires  venting 
of  contaminants  and/or  inerts  with  the  resultant  loss  of 
alkylation  catalyst  and  light  hydrocarbons  such  as  propane 
from  the  alkylation  operation. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  the  p rocess ing   o f  

a l coho l   to  remove  u n d e s i r a b l e   contaminants   t he re f rom.   In   one  aspect   t h e  

i n v e n t i o n   r e l a t e s   to  a  combined  process  for  the  p roduc t i on   of  e ther   and 

a l k y l a t e   wherein  a l coho l   is  p rocessed   to  remove  u n d e s i r a b l e   c o n t a m i n a n t s  

t he re f rom.   In  ano ther   aspec t   the  i nven t ion   r e l a t e s   to  a  system  f o r  

c o n t r o l l i n g   the  removal  of  u n d e s i r a b l e   contaminants   from  alcohol   in  a 

combined  process   for  the  p roduc t ion   of  e ther   and  a l k y l a t e .  

It  is  known  in  the  art   to  produce  e ther   by  the  r e ac t i on   of  an 

a lcohol   and  a  t e r t i a r y   o l e f i n .   It  is  also  known  in  the  art   to  p roduce  

high  octane  hydrocarbons   by  an  HF  a l k y l a t i o n   r e a c t i o n   in  an  o l e f in   and  an  

i s o p a r a f f i n .   Both  the  e ther   and  the  a l k y l a t e   are  va luab le   motor  f u e l  

components .  

It  is  also  known  in  the  art   to  produce  m e t h y l t e r t i a r y b u t y l  

e ther   (MTBE)  by  r e a c t i n g   i sobu ty l ene   (in  admixture  with  l i nea r   b u t y l e n e s )  

and  methanol  and  charging  the  unreacted  bu ty lenes   to  an  a l k y l a t i o n   p l a n t  

in  which  the  bu ty l enes   and  an  i s o p a r a f f i n   such  as  i sobutane   are  r e a c t e d  

to  form  high  octane  ga so l ine   components.  

Whereas  the  above  d iscussed  t e c h n o l o g i e s   have  been  developed  t o  

a  r a t h e r   mature  s t age ,   s eve ra l   problems  have  remained.  Thus,  t h e  

combinat ion  process   of  e the r   formation  and  a l k y l a t i o n   ou t l ined   above  has  

the  d i sadvantage   tha t   the  o l e f i n   stream  coming  from  the  e ther   p r o d u c t i o n  

may  contain  m a t e r i a l s   which  are  e i t h e r   harmful  to  the  a l k y l a t i o n   r e a c t i o n  

as  such  or  which  tend  to  be  re leased   in  the  f r a c t i o n a t i o n   of  t h e  

a l k y l a t i o n   product   in  gaseous  form,  bu i ld ing   up  p r e s su re   and  r e q u i r i n g  

v e n t i n g ,   thus  removing  t h e r e w i t h ,   for  i n s t a n c e ,   HF  and/or  propane,  which 



are  l o s t   from  the  o p e r a t i o n .   An  a d d i t i o n a l   d i s a d v a n t a g e   of  t h e  

a b o v e - d e s c r i b e d   combina t ion   process   is  that   the  source  of  l i q u i d   me thano l  

and  even  the  method  of  hand l ing   l i qu id   methanol  for  s t o r a g e   r e s u l t s   i n  

the  methanol  having  d i s s o l v e d   t h e r e i n   oxygen  and  n i t r o g e n ,   as  from  t h e  

a i r .   Purchased   methanol   from  a  t y p i c a l   source  can  have  up  to  about  88 

pa r t s   per  m i l l i o n   by  weight  of  oxygen  and  about  186  p a r t s   per  m i l l i on   by 

weight  of  n i t r o g e n   (at   760mm  Hg  and  20°C)  con ta ined   t h e r e i n .   O the r  

con taminan t s   or  i n e r t s   t h a t   can  be  p r e s e n t   are  hydrogen,   methane,  e t h a n e ,  

e t h y l e n e ,   carbon  d i o x i d e ,   carbon  monoxide,  fuel   gas,  and /o r   m a t e r i a l s  

tha t   give  u n d e s i r a b l e   r e a c t i o n s   in  the  a l k y l a t i o n   un i t   or  are  n o t  

condensed  in  the  a l k y l a t i o n   uni t   depropan ize r   a c c u m u l a t o r .  

In  the  p roce s s   of  manufac tu r ing   MTBE,  t h e  

i s o b u t y l e n e - c o n t a i n i n g   hydrocarbon  feeds tock   also  c o n t a i n s   other   o l e f i n s ,  

such  as  b u t e n e - 1 ,   c i s - b u t e n e - 2   and  t r a n s - b u t e n e - 2 ,   along  with  normal  

butane  and  i s o b u t a n e .   The  feed  may  also  con ta in   p ropane ,   p r o p y l e n e ,  

i s o p e n t a n e ,   normal  p e n t a n e ,   and  amylenes.  The  unconve r t ed   or  u n r e a c t e d  

l i n e a r   b u t y l e n e s   are  e x c e l l e n t   feed  components  for  the  HF  a l k y l a t i o n   o f  

i s o b u t a n e   to  produce  high  octane  ga so l ine .   However,  when  the  h y d r o c a r b o n  

phase  from  the  HF  a l k y l a t i o n   process   is  f r a c t i o n a t e d ,   l i g h t   gases  such  as  

oxygen,  n i t r o g e n ,   methane,   fuel   gas,  e thane,   h y d r o g e n ,  e t h y l e n e ,   and  t h e  

l ike   must  not  be  p r e s e n t   in  the  f r a c t i o n a t i o n   system,  and  e s p e c i a l l y  

should  not  be  al lowed  to  en te r   the  overhead  a ccumula t i on   of  t h e  

d e p r o p a n i z i n g   zone,  s ince   these  l i gh t   gases  ( a l l   with  lower  b o i l i n g  

po in t s   than  propane)   p r e s s u r e   up  the  system  and  then  must  be  vented  f rom 

the  system.  Venting  of  these  l i g h t   gases,   as  from  the  d e p r o p a n i z e r  

overhead  accumula to r ,   causes  removal  t he r ewi th   of  HF  vapor  and  o f  

vaporous  propane.   This  loss  of  va luable   HF  and  propane  cannot  be  

t o l e r a t e d .  

It   is  thus  an  ob jec t   of  the  p r e sen t   i n v e n t i o n   to  provide  a 

combined  e the r   and  a l k y l a t e   forming  process   in  which  the  i n t r o d u c t i o n   o f  

i m p u r i t i e s   into  both  the  e the r   uni t   and  the  a l k y l a t i o n   un i t   is  m in imized .  

Another  o b j e c t   of  t h i s   i nven t ion   is  to  p rov ide   a  combined 

process   for  the  p r o d u c t i o n   of  e ther   and  a l k y l a t e   with  reduced  r i sk   o f  

l o s ses   of  m a t e r i a l s   from  the  a l k y l a t i o n   unit   caused  by  u n d e s i r a b l e  

m a t e r i a l s   e n t e r i n g   the  a l k y l a t i o n   uni t   from  the  e t h e r   and/or   from  a 

source  of  a l c o h o l .  



A  f u r t h e r   o b j e c t   of  t h i s   i nven t ion   is  to  provide  a  combined 

e t h e r  f o r m i n g   and  a l k y l a t e   forming  process   which  renders   the  e ther   u n i t  

and  the  a l k y l a t i o n   un i t   even  more  c o m p a t i b l e .  

Yet  another   o b j e c t   of  t h i s   i nven t ion   is  to  provide   a  combined 

e i t h e r   forming  and  a l k y l a t e   forming  process   of  i nc reased   e f f i c i e n c y   o f  

o p e r a t i o n .  

Other  o b j e c t s ,   a s p e c t s ,   advantages ,   d e t a i l s ,   f e a t u r e s   and 

embodiments  of  th i s   i n v e n t i o n   wi l l   become  apparent   to  those  s k i l l e d   i n  

the  a r t   from  the  fo l lowing   d e t a i l e d   d e s c r i p t i o n   of  the  i n v e n t i o n ,   t h e  

appended  claims  and  the  drawings  in  which:  

FIGS.  lA  and  1B  d e p i c t   a  schematic  flow  diagram  of  an  

embodiment  of  th i s   i n v e n t i o n ;   and 

FIG.  2  is  a  p a r t i a l   schematic   flow  diagram  of  an  a l t e r n a t e  

embodiment  of  th i s   i n v e n t i o n .  

To  p reven t   loss  of  HF  and  propane  in  the  combined  ope ra t ion   o f  

e ther   or  MTBE  manufacture   and  HF  a l k y l a t i o n   of  i sobu tane   with  t h e  

s t r a i g h t   chain  butenes  r ecovered   from  the  MTBE  manufac tu r ing   p rocess ,   t h e  

a lcohol   r e a c t a n t ,   p r e f e r a b l y   methanol  for  the  manufacture   of  e t h e r ,  

p r e f e r a b l y   MTBE,  before   being  charged  to  the  e ther   forming  un i t ,   i s  

p rocessed   for  the  removal  of  l i g h t   gases,   such  as  oxygen  and  n i t r o g e n ,  

e . g . ,   as  from  a i r ,   by  the  p rocess   of  my  inven t ion   which  i n c l u d e s  

s u b j e c t i n g   the  raw  a l c o h o l ,   p r e f e r a b l y   methanol,   c o n t a i n i n g   undes i red   a t  

l e a s t   one  of  oxygen,  n i t r o g e n ,   methane,  fuel  gas,  e thane ,   hydrogen,  and 

e thy lene   to  a  p r e l i m i n a r y   s t r i p p i n g   ope ra t ion .   By  employing  t h e  

p r e l i m i n a r y   s t r i p p i n g   o p e r a t i o n ,   s u b s t a n t i a l l y   a l l   the  undes i red   at  l e a s t  

one  of  oxygen,  n i t r o g e n ,   methane,  fuel  gas,  e thane,   hydrogen,  and 

e thylene   is  removed  from  the  a l coho l ,   and  a  p u r i f i e d   a lcohol   is  r e c o v e r e d  

which  can  be  charged  to  the  e ther   forming  un i t ,   and  the  r e c o v e r e d  

s t r a i g h t   chain  butenes  from  the  e ther   forming  uni t   can  then  be  charged  t o  

the  HF  a l k y l a t i o n   uni t   w i thou t   the  at  l e a s t   one  of  oxygen,  n i t r o g e n ,  

methane,  fuel  gas,  e thane ,   hydrogen,   and  e thylene  also  r e f e r r e d   to  as  

"contaminants"   and/or   " i n e r t s " ,   p r e s s u r i n g   up  the  d e p r o p a n i z e r  

accumulator   of  the  a l k y l a t i o n   un i t .   By  employing  the  process   and 

appara tus   of  the  p r e sen t   i n v e n t i o n ,   s u b s t a n t i a l l y   no  vent ing   of  t h e  

depropan ize r   overhead  accumula tor   is  requi red   and  the  des i red   savings  o f  



HF  and  propane  is  r e a l i z e d   because  of  the  p r e t r e a t m e n t   of  the  raw 

a l c o h o l ,   e . g . ,   m e t h a n o l .  

More  s p e c i f i c a l l y ,   the  p r e s e n t   i n v e n t i o n   improves  a  process   f o r  

the  p r o d u c t i o n   of  both  an  e the r   and  an  a l k y l a t e .   This  process   compr i se s  

c o n t a c t i n g   o l e f i n s   and  an  a l coho l   to  form  a  f i r s t   r e a c t i o n   m i x t u r e  

compr is ing   e t h e r ,   a l coho l   and  a  p o r t i o n   of  the  the  o l e f i n s .   From  t h i s  

f i r s t   r e a c t i o n   mix ture   e t h e r   is  recovered   as  a  f i r s t   p roduc t   of  t h e  

p r o c e s s .   In  the  e the r   forming  uni t   one  or  more  l i q u i d s   are  accumula ted  

in  one  or  more  v e s s e l s   for  l a t e r   use  in  the  e ther   forming  r e a c t i o n .   An 

o l e f i n - c o n t a i n i n g   s t ream  is  s e p a r a t e d   from  the  above-ment ioned   f i r s t  

r e a c t i o n   mix ture .   This  o l e f i n - c o n t a i n i n g   s t ream,  or  at  l e a s t   a  p o r t i o n  

t h e r e o f ,   is  con t ac t ed   with  an  i s o p a r a f f i n   in  the  p r e sence   of  an  HF 

a l k y l a t i o n   c a t a l y s t   under  HF  a l k y l a t i o n   c o n d i t i o n s   to  form  a  second 

r e a c t i o n   mixture   compr i s ing   a l k y l a t e .   This  a l k y l a t e   is  then  r e c o v e r e d  

from  the  second  r e a c t i o n   mixture   as  a  second  p roduc t   of  the  c o m b i n a t i o n  

p r o c e s s .   This  a l k y l a t e   is  g e n e r a l l y   r ecovered   as  a  bottoms  stream  from  a 

f r a c t i o n a t i o n   zone  in  which  at  l e a s t   a  p o r t i o n   of  the  second  r e a c t i o n  

mixture   is  f r a c t i o n a t e d .   The  f r a c t i o n a t i o n   zone  is  p rov ided   with  an  

overhead  accumula tor   in  which  the  cooled  and  condensed  overhead  e f f l u e n t  

from  the  f r a c t i o n a t i o n   zone  is  accumulated .   In  accordance   with  t h i s  

i n v e n t i o n ,   a  feed  stream  of  a  mixture  c o n t a i n i n g   a l c o h o l   and  at  l e a s t   one 

of  oxygen,  n i t r o g e n ,   methane,   fuel   gas,  e thane ,   hydrogen,   and  e thylene   i s  

d i s t i l l e d   in  a  f i r s t   d i s t i l l a t i o n   zone  thereby   forming  a  f i r s t  

d i s t i l l a t i o n   overhead  c o n t a i n i n g   a  f i r s t   p o r t i o n   of  the  a lcohol   and  t h e  

at  l e a s t   one  of  oxygen,  n i t r o g e n ,   methane,  fuel   gas,  e thane ,   hydrogen,  as  
well  as  a  f i r s t   d i s t i l l a t i o n   bottoms  c o n t a i n i n g   a  second  po r t i on   of  t h e  

a l c o h o l .   At  l e a s t   a  p o r t i o n   of  the  f i r s t   d i s t i l l a t i o n   ove rhead  

c o n t a i n i n g   the  a lcohol   and  the  at  l e a s t   one  of  oxygen,  n i t r o g e n ,   me thane ,  

fuel   gas,  e thane ,   hydrogen,   and  e thy lene   is  passed  through  a  condens ing  

zone  forming  a  l i q u i d   phase  and  a  gas  phase  in  a  phase  s e p a r a t i o n   zone .  

The  s e p a r a t e d   l i q u i d   a l coho l   phase  at  l e a s t   in  pa r t   is  r e tu rned   to  t h e  

f i r s t   d i s t i l l a t i o n   zone,  and  the  gaseous  at  l e a s t   one  of  oxygen,  

n i t r o g e n ,   methane,  fuel   gas,  e thane,   hydrogen,   and  e thy lene   phase  i s  

vented  to  a tmosphere ,   f l a r e ,   or  o ther   s u i t a b l e   d i s p o s a l .   The  f i r s t  

d i s t i l l a t i o n   bottoms  are  recovered   and  supp l ied   for  use  in  the  p r e v i o u s l y  



mentioned  step  of  c o n t a c t i n g   o l e f i n s   and  an  a lcohol   to  form  a  f i r s t  

r e a c t i o n   mixture   compris ing  e the r ,   a l coho l   and  a  po r t i on   of  the  o l e f i n s .  

In  accordance   with  a  p r e f e r r e d   embodiment  of  the  process   of  t h e  

p r e s e n t   i n v e n t i o n ,   the  a lcohol   employed  is  p r e f e r a b l y   methanol  and  t h e  

t e r t i a r y   o l e f i n   is  i s o b u t y l e n e ,   and  the  e the r   produced  is  p r e f e r a b l y  

MTBE. 

The  e ther   forming  r e a c t i o n   of  the  combinat ion  process   of  t h i s  

i n v e n t i o n   is  known  in  the  a r t   both  g e n e r a l l y   and  in  many  of  i t s   d e t a i l s .  

Reference   is  made  to  U.S.  Pa ten t   No.  3 ,846 ,088   in  which  such  an  e t h e r  

p r o d u c t i o n   p roces s ,   p a r t i c u l a r l y   for  the  p r o d u c t i o n   of  MTBE  is  d e s c r i b e d .  

The  p r e s e n t   i n v e n t i o n   is  a p p l i c a b l e   to  a  v a r i e t y   of  e ther   forming  u n i t s .  

Usual ly   the  e ther   forming  r e a c t i o n   is  c a r r i e d   out  by  con tac t ing   a l k y l  

a l coho l s   having  one  to  three   carbon  atoms,  p r e f e r a b l y   methanol,   w i t h  

monoolef ins   having  four  to  six  carbon  atoms  under  e ther   fo rming  

c o n d i t i o n s   in  the  p resence   of  an  e ther   forming  c a t a l y s t .   P r e f e r a b l y ,  

t e r t i a r y   o l e f i n s   having  four  or  f i v e  c a r b o n   atoms  and  con ta in ing   a 

t e r t i a r y   carbon  atom,  such  as,  for  example  i s o b u t y l e n e   and  isoamylenes  (2  

methyl  bu tene -1 ,   2  methyl  bu tene-2)   are  used  in  the  e ther   forming 

r e a c t i o n .   Typical   e ther   forming  c a t a l y s t s   inc lude   commercial ly  a v a i l a b l e  

"Amberlyst  15",  "Dowex  50"  and  "Na lc i t e   HCR".  Ether  forming  r e a c t i o n  

cond i t i ons   and  c a t a l y s t s   are  well  known  in  the  a r t   and  are  d i s c l o s e d ,   f o r  

i n s t a n c e ,   in  U.S.  Pa ten t   3 ,846,088,   the  d i s c l o s u r e   of  which  is  h e r e w i t h  

i n c o r p o r a t e d   by  r e f e r e n c e .  

S i m i l a r l y ,   the  a l k y l a t i o n   uni t   of  the  combinat ion  process  o f  

th i s   i nven t ion   is  well  known.  U.S.  Pa t en t s   Nos.  3 ,213,157,   3,211,536  and 

3,309,882  desc r ibe   such  HF  a l k y l a t i o n   p r o c e s s e s .   The  d i s c l o s u r e s   o f  

these  pa t en t s   are  also  i nco rpo ra t ed   he rewi th   by  r e f e r e n c e .   In  t h e  

conven t iona l   HF  a l k y l a t i o n   r e a c t i o n ,   l i q u i d   i s o p a r a f f i n   and  l iqu id   o l e f i n  

are  contac ted   with  l i q u i d   HF  c a t a l y s t   to  form  a  r e a c t i o n   mixture.   The 

r e a c t i o n   e f f l u e n t   is  phase  separa ted   into  a  lower  l i qu id   HF  c a t a l y s t  

phase  and  an  upper  hydrocarbon  phase  compris ing   a l k y l a t e ,   u n r e a c t e d  

i s o p a r a f f i n ,   and  d i s so lved   HF.  The  o l e f i n s   u se fu l   in  HF  a l k y l a t i o n  

r e a c t i o n s ,   and  p a r t i c u l a r l y   in  the  combinat ion   process   of  th is   i n v e n t i o n ,  

are  o l e f i n s   having  three   to  five  carbon  atoms.  The  i s o p a r a f f i n s   used  f o r  

the  a l k y l a t i o n   r e a c t i o n   are  g e n e r a l l y   i s o p a r a f f i n s   having  four  to  s i x  

carbon  atoms,  i sobutane   being  p a r t i c u l a r l y   p r e f e r r e d .  



R e f e r r i n g   now  to  the  drawings ,   and  to  FIGS.  lA  and  1B  i n  

p a r t i c u l a r ,   a  combined  e the r   and  a l k y l a t e   p r o d u c t i o n   p rocess   i n  

accordance   with  the  p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d   in  a  schemat ic   f low 

diagram.  An  e ther   r e a c t o r   10,  p r e f e r a b l y   an  MTBE  r e a c t o r   is  s u p p l i e d  

with  a  s tream  compr is ing   o l e f i n s ,   p a r t i c u l a r l y   i s o b u t y l e n e ,   from  a 

s u i t a b l e   source  of  o l e f i n s   by  means  of  a  pump  12.  Process   a l c o h o l ,  

p r e f e r a b l y   methanol ,   is  conveyed  to  the  r e a c t o r   10  from  an  a l c o h o l  

s to rage   drum  14  by  means  of  a  pump  16.  The  o l e f i n s ,   i n c l u d i n g   at  l e a s t  

one  t e r t i a r y   o l e f i n ,   e . g . ,   i s o b u t y l e n e   and  methanol  are  con tac t ed   in  t h e  

r e a c t o r   10  under  s u i t a b l e   e ther   r e a c t i o n   c o n d i t i o n s   to  form  a  r e a c t i o n  

mixture   which  is  withdrawn  from  the  r e a c t o r   10  via  condui t   18.  T h i s  

r e a c t i o n   mixture   comprises   the  e the r   formed,  u n r e a c t e d   o l e f i n s   and 

un reac t ed   a l coho l .   The  e ther   r e a c t i o n   mixture  is  d i r e c t e d   from  t h e  

condui t   18  into  a  f r a c t i o n a t o r   20  wherein  the  r e a c t i o n   mixture   i s  

f r a c t i o n a t e d   and  the  e the r   is  withdrawn  from  the  f r a c t i o n a t o r   20  v i a  

condui t   22  as  a  f i r s t   p roduc t   of  the  p rocess .   An  overhead  stream  l e a v e s  

the  f r a c t i o n a t o r   20  via  condui t   24  and  comprises  un reac t ed   o l e f i n s   and 

methanol .   This  gaseous  overhead  stream  is  cooled  by  a  s u i t a b l e   i n d i r e c t  

heat  exchanger   26  and  the  the reby   condensed  l i q u i d   is  accumulated  in  an 

accumula tor   28.  A  p o r t i o n   of  the  accumulated  l i q u i d   is  withdrawn  from 

the  accumula tor   28  and  is  r e i n t r o d u c e d   by  means  of  a  pump  30  and  c o n d u i t  

32  into  the  f r a c t i o n a t o r   20  as  a  r e f l ux   stream.  The  remaining  or  y i e l d  

p o r t i o n   of  the  accumulated  l i q u i d   is  passed  from  the  accumula tor   28  v i a  

condui t   34  to  an  a l coho l   washing  column  36  into  which  water  is  i n t r o d u c e d  

via  condui t   38.  A  stream  compris ing   mainly  i sobu tane   and  the  u n r e a c t e d  

o l e f i n s   and  being  s u b s t a n t i a l l y   free  of  a lcohol   (in  th i s   s p e c i f i c   example 

a  stream  c o n t a i n i n g   mainly  i sobu tane   with  l i n e a r   bu ty l enes   as  the  o l e f i n  

and  s u b s t a n t i a l l y   f ree   of  methanol)   leaves  the  a lcohol   washing  column  36 

via  condui t   40.  This  o l e f i n   c o n t a i n i n g   stream  is  combined  with  a n o t h e r  

o l e f i n   c o n t a i n i n g   stream  pass ing   from  the  pump  12  via  condui t   42  ( b y - p a s s  

around  MTBE  Reactor   10)  and  th i s   combined  stream  passes   via  condui t   44  t o  

a  s u i t a b l e   dryer  46  wherein  any  water  conta ined  t h e r e i n   from  the  a l c o h o l  

washing  column  36  is  removed.  

Wet  a l coho l ,   p r e f e r a b l y   methanol,   leaves   the  a lcohol   wash ing  

column  36  via  condui t   48  and  is  i n t roduced   into  d i s t i l l a t i o n   means  in  t h e  

form  of  an  a lcohol   f r a c t i o n a t o r   50.  Alcohol  ( p r e f e r a b l y   m e t h a n o l )  



con ta in ing   a  small  amount  o f  wa te r   leaves  the  a lcohol   f r a c t i o n a t o r   50  as  

an  overhead  s tream  via  conduit   52.  At  l ea s t   a  p o r t i o n   o f  t h i s   a l c o h o l  

con ta in ing   a  small   amount  of  water  a lcohol   is  passed  as  vapor  v i a  

condui ts   54  and  56  t o  a   cooler   58,  and  the  thus  condensed  a lcohol   i s  

passed  from  the  coo le r   58  via  3-way  valve  60  to  a  s e p a r a t i n g   z o n e ,  

p r e f e r a b l y   in  the  form  of  an  a lcohol   accumulator   62,  where  l i q u i d  

a l coho l ,   in  t h i s   example  methanol,   is  accumulated.   A  condui t   64 

i n t e r c o n n e c t s   condu i t   54  and  the  3-way  valve  60  to  provide   a  bypass  f o r  

the  e s s e n t i a l l y   water   free  a lcohol   vapor  around  the  cooler   58  to  t h e  

accumulator   62.  Light   gaseous  c o n t a m i n a n t s  a n d / o r   i n e r t s ,   for  example  a t  

l e a s t   one  of  oxygen,  n i t r o g e n ,   methane ,   fuel  gas,  e thane,   hydrogen  and 

e thylene   are  vented   from  the  accumulator   62  via  conduit   66  and  a  s u i t a b l e  

cooler   68  i n t e r p o s e d   t h e r e i n   a l lowing  vent ing   of  contaminants   a n d / o r  

i n e r t s   to  the  a tmosphere  or  to  a  s u i t a b l e   f l a r e   for  combustion  p r i o r   t o  

r e l ea se   to  the  a tmosphere .   The  cooler   68  func t ions   to  condense  any 
alcohol   vapor  vented  from  the  accumulator   62  to  p reven t   a lcohol   loss .   A 

p o r t i o n   of  the  accumulated  alcohol   in  the  a lcohol   accumula tor   62  i s  

passed  via  condui t   70  and  pump  72  to  the  a lcohol   f r a c t i o n a t o r   50  as  a 

re f lux   stream.  The  remaining  or  y ie ld   po r t ion   of  the  a lcohol   a c c u m u l a t e d  

in  the  a lcohol   accumula tor   62  is  passed  via  conduit   70,  pump  72  and 

conduit   74  to  a  s u i t a b l e   d i s t i l l a t i o n   zone  p r e f e r a b l y   in  the  form  of  an 

alcohol   s t r i p p e r   column  76.  Water  is  withdrawn  from  the  bottom  of  t h e  

alcohol   f r a c t i o n a t o r   50  via  conduit  78  and  i n d i r e c t   heat  exchangers   80 

and  82  i n t e r p o s e d   in  conduit   78  for  recover ing   heat  from  the  water .   Th is  

water  in  pa r t   can  be  recycled   to  conduit   38  by  a  s u i t a b l e   condui t   ( n o t  

shown)  as  a  p o r t i o n   of  the  wash  water  for  removing  the  a lcohol   from  t h e  

stream  compris ing  unreac ted   o l e f ins   and  a l c o h o l .  

Flow  of  the  water  through  the  conduit   78  is  p r e f e r a b l y  

c o n t r o l l e d   by  s u i t a b l e   flow  cont ro l   means  84  i n t e r p o s e d   in  the  conduit   78 

responsive   to  a  s u i t a b l e   level   c o n t r o l l e r   86  which  senses  the  l eve l   o f  

l iqu id   water  in  the  lower  po r t ion   of  the  a lcohol   f r a c t i o n a t o r   50,  and 

r egu la t e s   the  flow  of  the  water  through  the  conduit   78  such  tha t   t h e  

water  level   wi th in   the  alcohol   f r a c t i o n a t o r   50  is  main ta ined   wi th in   a 

s u i t a b l e   r a n g e .  
Raw  a l coho l ,   in  this   example  methanol,   is  r ece ived   from  a 

s u i t a b l e   source  of  raw  alcohol   into  a  s u i t a b l e   a lcohol   s to rage   vesse l   88. 



Raw  a lcohol   from  the  a l coho l   s to rage   vesse l   88  is  conveyed  to  the  a l c o h o l  

s t r i p p e r   column  76  via  a  pump  90,  a  condui t   92  and  p r e v i o u s l y   d e s c r i b e d  

condui t   74.  The  raw  a l coho l   from  the  a l coho l   s t o r a g e   vesse l   is  combined 

with  the  y i e ld   p o r t i o n   of  the  a lcohol   from  the  a l coho l   accumulator   62  a t  

the  j u n c t u r e   of  the  condu i t s   74  and  92,  and  the  r e s u l t i n g   combined 

a lcohol   stream  is  i n t r o d u c e d   into  the  a l coho l   s t r i p p e r   column  76.  An 

a lcohol   d i s t i l l a t i o n   bottoms  stream  of  l i q u i d   a l coho l   is  passed  from  t h e  

lower  end  of  the  a l c o h o l   s t r i p p e r   column  76  to  the  a lcohol   s to rage   drum 

14  via  condui t   94  and  a  s u i t a b l e   i n d i r e c t   heat   exchanger   96  i n t e r p o s e d   i n  

the  condui t   94  to  p rov ide   cool ing  of  the  l i q u i d   a l coho l   and  h e a t  

recovery .   The  flow  of  l i q u i d   a lcohol   through  condui t   94  is  r e g u l a t e d   by  

s u i t a b l e   flow  con t ro l   means  98  o p e r a t i v e l y   r e l a t e d   to  a  s u i t a b l e   l e v e l  

c o n t r o l l e r   100  in  the  lower  p o r t i o n   of  the  a lcohol   s t r i p p e r   column  76,  

whereby  the  flow  of  l i q u i d   a lcohol   through  the  condui t   94  is  c o n s t a n t l y  

ad ju s t ed   to  ma in ta in   the  level   of  l i qu id   a lcohol   in  the  lower  p o r t i o n   o f  

the  column  76  wi th in   a  p rede te rmined   range  as  sensed  by  the  l e v e l  

c o n t r o l l e r   100. 

A  d i s t i l l a t i o n   overhead  vapor  stream  c o n t a i n i n g   a  p o r t i o n   o f  

the  a lcohol   fed  into  the  a lcohol   s t r i p p e r   column  76,  as  well  as  l i g h t  

gaseous  con taminants   and/or   i n e r t s ,   such  as,  for  example,  at  l e a s t   one  o f  

oxygen,  n i t r o g e n ,   methane,   fuel  gas,  e thane,   hydrogen,   and  e thy lene   i s  

passed  from  the  upper  end  of  the  a lcohol   s t r i p p e r   column  76  via  c o n d u i t  

102  to  the  j u n c t u r e   of  p r e v i o u s l y   desc r ibed   condu i t s   54  and  56.  At  t h e  

j u n c t u r e   of  condui t s   54,  56  and  102,  the  d i s t i l l a t i o n   overhead  s t r e a m  

from  the  a lcohol   s t r i p p e r   column  76  is  combined  with  the  alcohol   o v e r h e a d  

stream  from  the  a lcohol   f r a c t i o n a t o r   50  and  is  conducted  through  t h e  

p r e v i o u s l y   de sc r i bed   coole r   58  and  3-way  valve  60  into  the  a l c o h o l  

accumulator   62.  I t   wi l l   be  understood  tha t   the  gaseous  i ne r t s   i n t r o d u c e d  

into  the  a lcohol   accumula to r   62  as  a  consequence  of  the  i n t r o d u c t i o n   o f  

the  d i s t i l l a t i o n   overhead  stream  from  the  a l coho l   s t r i p p e r   column  76  i n t o  

the  a lcohol   accumula tor   62  wil l   be  conducted  from  the  accumulator   62  v i a  

the  condui t   66  and  coo le r   68  for  vent ing  to  the  atmosphere  or  to  a 

s u i t a b l e   f l a r e   as  has  been  p r e v i o u s l y   d e s c r i b e d .  

S u i t a b l e   flow  con t ro l   means  104,  having  a  p rede te rmined   s e t  

p o i n t ,   is  i n t e r p o s e d   in  condui t   74  i n t e r m e d i a t e   condui t   92  and  t h e  

a lcohol   s t r i p p e r   column  76.  The  flow  con t ro l   means  104  is  o p e r a t i v e l y  



connected  by  s u i t a b l e   means  to  s u i t a b l e   flow  control   means  106  i n t e r p o s e d  

in  a  steam  supply  l ine   108  which  suppl ies   steam  to  the  lower  end  of  t h e  

a lcohol   s t r i p p e r   column  76  to  thereby  con t ro l   the  heat  input  into  t h e  

a lcohol   s t r i p p e r   column  76  to  thus  con t ro l   the  opera t ion   of  the  a l c o h o l  

s t r i p p e r   column  76  in  a  p rede termined   manner .  

A  s u i t a b l e   p ressure   c o n t r o l l e r   110  is  o p e r a t i v e l y   connected  t o  

the  a lcohol   accumula to r   62  to  monitor  the  p r e s s u r e   t he re in .   P r e s s u r e  

c o n t r o l l e r   110  is  o p e r a t i v e l y   connected  by  s u i t a b l e   means  to  the  3-way 

valve  60  and  a  c o n t r o l   valve  112  i n t e rposed   in  conduit   66  whereby  t h e  

valves   60  and  112  are  a u t o m a t i c a l l y   ac tua ted   to  maintain   the  p r e s su re   i n  

the  a lcohol   accumula to r   62  at  a  p rede te rmined   set  p o i n t .  

A  s u i t a b l e   ana lyzer   114  is  connected  in  f luid  f low 

communication  with  the  conduit   52  to  monitor  the  alcohol   content   of  t h e  

overhead  pas s ing   from  the  alcohol   f r a c t i o n a t o r   50.  The  ana lyzer   114  i s  

o p e r a t i v e l y   connected  by  s u i t a b l e   means  to  s u i t a b l e   flow  control   means 

116  i n t e r p o s e d   in  conduit   70  i n t e r m e d i a t e   the  pump  72  and  the  a l c o h o l  

f r a c t i o n a t o r   50  whereby  the  flow  of  the  r e f lux   stream  to  the  a l c o h o l  

f r a c t i o n a t o r   50  is  i nc reased   in  response  to  the  sensing  by  t h e  a n a l y z e r  

114  of  the  p resence   of  too  l i t t l e   a lcohol   (too  much  water)  in  t h e  

overhead  from  the  a lcohol   f r a c t i o n a t o r   50  to  thereby  prevent  the  removal  

of  excess ive   water  in  the  ove rhead .  

S u i t a b l e   flow  control   means  118  are  i n t e rposed   in  the  c o n d u i t  

74  i n t e r m e d i a t e   condui ts   70  and  92,  are  o p e r a t i v e l y   connected  by  s u i t a b l e  

means  to  a  level   c o n t r o l l e r   120,  o p e r a t i v e l y   r e l a t ed   to  the  a l c o h o l  

accumulator   62  and  respons ive   to  the  l eve l   of  l i qu id   alcohol  t h e r e i n ,   f o r  

c o n t r o l l i n g   the  flow  of  l iqu id   alcohol   through  the  conduit  74  in  r e s p o n s e  
to  s igna l s   from  the  level   c o n t r o l l e r   120  to  thereby  maintain  the  l i q u i d  

level   wi th in   the  accumulator   62  within  a  p rede te rmined   r ange .  
An  o l e f i n   feedstream  comprising  dr ied  o l e f i n s ,   ( i n c l u d i n g  

i sobutane   and  normal  butane)  from  the  dryer  46  is  introduced  into  an 

a l k y l a t i o n   r e a c t o r   122  via  conduits   124  and  126.  Also  introduced  into  t h e  

a l k y l a t i o n   r e a c t o r   is  an  i s o p a r a f f i n - c o n t a i n i n g   stream,  p r e f e r a b l y   an 

i s o b u t a n e - c o n t a i n i n g   stream,  from  a  s u i t a b l e   i s o p a r a f f i n   source  v i a  

condui ts   128,  130  and  126.  The  l iqu id   hydrocarbon  phase  is  passed  from 

the  upper  p o r t i o n   of  the  a l k y l a t i o n   r e a c t o r   to  a  f r a c t i o n a t o r   132  v i a  

conduit   134,  pump  136  and  a  s u i t a b l e   hea t e r   138  in te rposed   in  c o n d u i t  



134.  An  a l k y l a t e   stream  is  withdrawn  from  the  bottom  of  the  f r a c t i o n a t o r  

132  via  c o n d u i t   140.  A  p a r a f f i n   vapor  s t ream,   u s u a l l y   n -bu tane ,   i s  

withdrawn  from  the  f r a c t i o n a t o r   132  via  condui t   142.  I sobutane   l i q u i d   i s  

withdrawn  from  the  f r a c t i o n a t o r   132  via  condui t   144  and  is  r ecyc led   t o  

the  HF  a l k y l a t i o n   r e a c t o r   122  via  condui t   144  and  condui ts   130  and  126, 

and  the  overhead  vapor  stream  compris ing   propane  vapor  and  HF  vapor  i s  

withdrawn  from  the  upper  end  of  the  f r a c t i o n a t o r   132  via  condui t   146  and 

is  passed  to  an  overhead  accumula tor   148  via  condui t   150  and  a  s u i t a b l e  

c o o l e r - c o n d e n s e r   152  i n t e r p o s e d   in  condui t   150.  A  p o r t i o n   of  the  l i q u i d  

phase  in  the  accumula to r   148  is  withdrawn  via  condui t   154  and  is  p a s s e d  

to  the  upper  end  of  the  f r a c t i o n a t o r   132  as  a  r e f l ux   stream  via  pump  156 

i n t e r p o s e d   in  condu i t   154.  The  y i e ld   p o r t i o n   of  the  l i q u i d   phase  i s  

withdrawn  from  condui t   154  downstream  of  the  pump  156  and  is  passed  v i a  

condui t   158  to  a  s t r i p p e r   160.  Liquid  HF  is  withdrawn  from  a  downwardly 

ex tend ing   leg  of  the  overhead  accumula tor   148  via  condui t   162,  f o r  

r ecyc le   to  the  a l k y l a t i o n   r e a c t o r   by  s u i t a b l e   condui t   means  (not  shown).  

Liquid  propane  is  wi thdrawn as   a  bottoms  stream  from  the  lower  end  of  t h e  

s t r i p p e r   160  via  condui t   164.  Propane  vapor  and  HF  vapor  are  passed  from 

the  upper  end  of  the  s t r i p p e r   160  as  an  overhead  stream  and  are  r e c y c l e d  

to  the  overhead   accumulator   148  via  a  condui t   166  as  well  as  condui t   150 

and  c o o l e r - c o n d e n s e r   152.  In  the  event  of  excess  p r e s s u r e   wi th in   t h e  

overhead  a c c u m u l a t o r   148,  the  gaseous  phase  t h e r e i n   can  be  vented  to  t h e  

atmosphere  or  to  a  s u i t a b l e   f l a r e   via  condui t   168  and  s u i t a b l e   n o r m a l l y  

closed  valve  170  i n t e r p o s e d   in  condui t   168. 

The  HF  a l k y l a t i o n   r eac to r   122  comprises  an  a l k y l a t i o n   r e a c t i o n  

zone  172  in  which  the  i sobutane   feed  from  stream  conduit   126  is  a l k y l a t e d  

with  the  o l e f i n s   from  the  dryer  46  in  the  p resence   of  HF  c a t a l y s t .   The 

HF  a l k y l a t i o n   r e a c t o r   122  f u r t h e r   inc ludes   a  phase  s e p a r a t o r   zone  174  i n  

which  the  l i q u i d   hydrocarbon  phase  is  s e p a r a t e d   from  the  l i q u i d   HF  p h a s e ,  

with  the  l i q u i d   hydrocarbon  phase  pass ing   from  the  phase  s e p a r a t o r   zone 

174  in  the  upper  p o r t i o n   of  the  a l k y l a t i o n   r e a c t o r   122  via  the  p r e v i o u s l y  

mentioned  condu i t   134,  and  with  the  l i q u i d   HF  phase  pass ing   from  t h e  

bottom  of  the  phase  s epa ra to r   zone  174  as  a  bottoms  stream  via  c o n d u i t  

176,  and  the  thus  s epa ra ted   l i qu id   HF  is  r ecyc led   to  the  a l k y l a t i o n  

r e a c t i o n   zone  172  via  cooler   177. 



It  is  p r e s e n t l y   p r e f e r r e d   to  opera te   the  a lcohol   s t r i p p e r  

column  76  such  tha t   from  about  5  to  about  30  volume  percen t   of  t h e  

a lcohol   s t ream,   in  t h i s   example  methanol ,   p r e f e r a b l y   about  10  volume 

pe rcen t   of  the  a l coho l   stream,  along  with  at  l e a s t   one  of  oxygen ,  

n i t r o g e n ,   methane,   fuel   gas,  e thane ,   hydrogen,   and  e thy lene ,   is  t a k e n  

from  the  a l coho l   s t r i p p e r   column  76  as  overhead  through  condui t   102. 

A  t y p i c a l   d i s t i l l a t i o n   column  for  use  as  the  a lcohol   s t r i p p e r  

column  76  is  p rov ided   with  from  about  10  to  about  20  bubble  t r a y s .  

Typical   o p e r a t i n g   cond i t i ons   for  the  a lcohol   s t r i p p e r   p o r t i o n   o f  

a b o v e - d e s c r i b e d   system  are  as  l i s t e d   in  the  fo l lowing  t a b l e .  

TYPICAL  OPERATING  CONDITION  OF  THE 
ALCOHOL  STRIPPER 

(20  t r a y s  

It  wi l l   be  f u r t h e r   noted  tha t   the  system  i l l u s t r a t e d   in  FIG.  lA 

is  p r e f e r a b l y   provided  with  a  conduit   178  which  provides  means  f o r  

bypass ing   p u r i f i e d   a l coho l ,   in  th is   case  methanol ,   from  the  a l c o h o l  

s t r i p p e r   column  76  and  conduit   94  around  the  a lcohol   s torage  drum  14  t o  

be  d i r e c t l y   i n t roduced   into  the  r e a c t o r   10  along  with  the  t e r t i a r y  

o l e f i n - c o n t a i n i n g   feed  s t r e a m .  

R e f e r r i n g   now  to  FIG.  2,  there   is  i l l u s t r a t e d   an  a l t e r n a t e   form 

of  a lcohol   p u r i f i c a t i o n   system  for  use  in  the  combined  ether   and  a l k y l a t e  

p roduc t ion   system  of  the  p resen t   i n v e n t i o n .   The  system  i l l u s t r a t e d   i n  
FIG.  2  d i r e c t s   raw  a lcohol ,   in  th is   case  methanol ,   from  the  a l c o h o l  

s torage  vesse l   88  to  the  upper  end  p o r t i o n   of  a  d i s t i l l a t i o n   z o n e ,  
p r e f e r a b l y   in  the  form  of  a  s u i t a b l e   a lcohol   s t r i p p e r   column  76,  v i a  
conduit  180  and  a  s u i t a b l e   pump  90  i n t e r p o s e d   t h e r e i n .   The  p u r i f i e d  

l iqu id   a lcohol   bottoms  product  is  d i r e c t e d   from  the  bottom  of  the  column 

76  via  conduit   94  and  i n d i r e c t   heat  exchanger  96  to  the  a lcohol   s t o r a g e  



drum  14.  The  i n d i r e c t   heat   exchanger   96  p r o v i d e s   means  for  p r e h e a t i n g  

the  raw  a l coho l   stream  p a s s i n g   through  condui t   180  to  the  column  76.  The 

vaporous   overhead  from  the  column  76,  compr i s ing   a l c o h o l ,   in  th is   c a s e  

methanol ,   and  va r ious   con taminan t s   and/or   i n e r t s ,   such  as  at  l e a s t   one  o f  

oxygen,  n i t r o g e n ,   methane,   fuel   gas,  e thane ,   hydrogen ,   and  e thy lene ,   i s  

conveyed  from  the  top  of  the  column  76  via  c o n d u i t s   102,  54  and  56 ,  

c o o l e r - c o n d e n s e r   58  and  3-way  valve  60  to  a  s e p a r a t i n g   zone,  p r e f e r a b l y  

in  the  form  of  an  a l c o h o l   accumula tor   62.  Conduit   64  p rov ides   v a p o r  

bypass  f l u i d   communication  between  condui t   102  and  the  3-way  valve  60.  

Bypass  of  the  gaseous  overhead  from  the  s t r i p p e r   column  76  is  c o n t r o l l e d  

by  the  3-way  valve  60  in  response   to  a  s u i t a b l e   t e m p e r a t u r e   c o n t r o l l e r  

182  which  is  o p e r a t i v e l y   connected  to  the  va lve   60  and  c o n t r o l s   i t s  

o p e r a t i o n   in  response   to  the  t empera tu re   sensed  w i t h i n   the  a c c u m u l a t o r  

62.  The  l i q u i d   phase  wi th in   the  accumula to r   62  is  passed   theref rom  t o  

the  upper  end  p o r t i o n   of  the  s t r i p p e r   column  76  as  a  r e f l ux   stream  v i a  

condui t   184  and  a  s u i t a b l e   pump  186  i n t e r p o s e d   t h e r e i n .   P r e f e r a b l y   a l l  

of  the  l i q u i d   phase  from  the  accumula tor   62  is  used  for  t h i s   r e f l u x  

s t ream.   The  flow  ra te   of  the  r e f l u x   s tream  th rough   condui t   184  i s  

c o n t r o l l e d   by  s u i t a b l e   o p e r a t i v e l y   connected  flow  c o n t r o l   means  188  and 

190  in  response  to  the  flow  ra te   of  raw  a l coho l   feed  to  the  column  76 

through  condui t   180.  The  gaseous  phase  w i th in   the  accumula tor   62,  

compr is ing   the  va r ious   con taminants   and/or   i n e r t s   p r e v i o u s l y   c o n t a i n e d  

wi th in   the  raw  a l c o h o l ,   for  example,  oxygen  and /or   n i t r o g e n ,   is  v e n t e d  

from  the  accumula to r   62  via  condui t   66  e i t h e r   to  the  atmosphere  or  to  a 

s u i t a b l e   f l a r e .   Control   of  flow  through  the  condu i t   66  is  provided  by  a 
s u i t a b l e   p r e s s u r e   c o n t r o l l e r   192  compris ing  c o n t r o l   valve  means 

i n t e r p o s e d   in  the  condui t   66  and  r e s p o n s i v e   to  the  p r e s s u r e   wi th in   t h e  

accumula to r   62.  Reboil   heat  is  p rovided   to  the  lower  p o r t i o n   of  t h e  

a l coho l   s t r i p p e r   column  76  from  the  source  of  steam  through  conduit   108. 

Reboil   heat  input  to  the  column  76  is  c o n t r o l l e d   by  means  of  s u i t a b l e  

flow  con t ro l   means  194  compris ing  valve  means  i n t e r p o s e d   in  condui t   108 

and  o p e r a t i v e l y   connected  to  a  s u i t a b l e   l eve l   c o n t r o l   196  on  t h e  

accumula to r   62  which  c o n t r o l s   steam  flow  to  the  column  76  in  response  t o  

a  l i q u i d   l eve l   sensed  wi th in   the  accumula tor   62 .  

The  flow  ra te   of  p u r i f i e d   l i q u i d   a l coho l   from  the  bottom  of  t h e  

a l coho l   s t r i p p e r   column  76  is  c o n t r o l l e d   by  a  s u i t a b l e   flow  cont ro l   v a l v e  



i n t e r p o s e d   in  the  condui t   94  and  o p e r a t i v e l y   connected  to  a  s u i t a b l e  

l e v e l . c o n t r o l l e r   198  which  senses   the  l i q u i d   l eve l   w i th in   the  lower  end  

p o r t i o n   of  the  column  76  and  c o n t r o l s   the  l i q u i d   flow  in  response   to  t h  

l i q u i d   l eve l   wi th in   a  p r e d e t e r m i n e d   range.   The  a l coho l   s to rage   d r u m  

is  p r e f e r a b l y   p rov ided   with  p r e s s u r e   r e l i e f   means  in  the  form  of  a  v e n t  

condui t   200  with  s u i t a b l e   valve  means  i n t e r p o s e d   t h e r e i n   and  o p e r a t i v e l y  

connected  to  a  s u i t a b l e   p r e s s u r e   c o n t r o l l e r   202  which  c o n t r o l s   a c t u a t i o n  

of  the  valve  means  in  response   to  the  p r e s s u r e   sensed  wi th in   the  a l c o h o l  

s t o r age   drum  14  so  tha t   the  s t o r age   drum  14  is  vented  to  the  a t m o s p h e r e  

or  to  a  s u i t a b l e   f l a r e   when  the  p r e s s u r e   wi th in   the  drum  14  exceeds  a 

p r e d e t e r m i n e d   v a l u e .  

Typical   o p e r a t i n g   c o n d i t i o n s   for  the  system  i l l u s t r a t e d   in  FIG 

2  are  i d e n t i c a l   to  the  o p e r a t i n g   c o n d i t i o n s   l i s t e d   above  for  the  s y s t e m  

i l l u s t r a t e d   in  FIGS.  lA  and  1B. 

From  the  f o r e g o i n g   d e t a i l e d   d e s c r i p t i o n ,   i t   wi l l   be  r e a d i l y  

appa ren t   tha t   the  p r e s e n t   i n v e n t i o n   r e a d i l y   overcomes  the  p r e v i o u s l y  

d i s c u s s e d   d e f i c i e n c i e s   of  the  p r i o r   ar t   and  meets  a l l   the  r e c i t e d   o b j e c t  

of  the  p r e sen t   i n v e n t i o n .   Changes  may  be  made  in  the  combinat ion   and 

ar rangement   of  pa r t s   or  e lements   as  h e r e t o f o r e   set  fo r th   in  t h e  

s p e c i f i c a t i o n   and  shown in  the  drawings  wi thout   d e p a r t i n g   from  the  s p i r i t  

and  scope  of  the  i n v e n t i o n   as  de f ined   in  the  fo l lowing   c l a i m s .  



1.  A  c o m b i n a t i o n - p r o c e s s   of  e ther   p r o d u c t i o n   and  a l k y l a t e  

p roduc t ion   which  i nc ludes   the  s teps  o f :  

(a)  c o n t a c t i n g   o l e f i n s   and  an  a lcohol   to  form  a  f i r s t   r e a c t i o n  

mixture  compr is ing   e t h e r ,   a lcohol   and  a  p o r t i o n   of  the  o l e f i n ;  

(b)  r e c o v e r i n g   e ther   from  said  f i r s t   r e a c t i o n   mixture  as  a 

f i r s t   product   of  the  combinat ion   p r o c e s s ;  

(c)  a c c u m u l a t i n g   a  l i q u i d   in  a  ve s se l   for  l a t e r   use  i n  

c o n t a c t i n g   step  ( a ) ;  

(d)  s e p a r a t i n g   an  o l e f i n - c o n t a i n i n g   stream  from  said  f i r s t  

r e a c t i o n   m i x t u r e ;  

(e)  c o n t a c t i n g   at  l e a s t   a  p o r t i o n   of  said  o l e f i n - c o n t a i n i n g  

stream  with  at  l e a s t   one  i s o p a r a f f i n   in  the  p resence   of  an  HF  a l k y l a t i o n  

c a t a l y s t   under  HF  a l k y l a t i o n   c o n d i t i o n s   to  form  a  second  r e a c t i o n   m i x t u r e  

compris ing  a l k y l a t e ;   and 

(f)  r e c o v e r i n g   a l k y l a t e   from  said  second  r e a c t i o n   mixture   as  a 

f u r t h e r   product   of  the  process   as  a  bottoms  stream  from  a  f r a c t i o n a t i o n  

zone  in  which  at  l e a s t   a  p o r t i o n   of  the  second  r e a c t i o n   mixture   i s  

f r a c t i o n a t e d   and  which  f r a c t i o n a t i o n   zone  is  provided  with  an  o v e r h e a d  



accumulator   in  which  cooled,   condensed  overhead  e f f l u e n t   from  s a i d  

f r a c t i o n a t i o n   zone  is  a c c u m u l a t e d ;  

c h a r a c t e r i z e d   b  y  

d i s t i l l i n g   a  feed  stream  of  a  mixture  con t a in ing   an  a l c o h o l  

and  at  l e a s t   one  of  oxygen,  n i t r o g e n ,   methane,  fuel  gas,  e t h a n e ,  

hydrogen,  and  e thy lene   in  a  f i r s t   d i s t i l l a t i o n   zone  thereby  forming  a 

f i r s t   d i s t i l l a t i o n   overhead  con ta in ing   a  f i r s t   po r t ion   of  said  a l c o h o l  

and  said  at  l e a s t   one  of  oxygen,  n i t r o g e n ,   methane,  fuel  gas,  e t h a n e ,  

hydrogen,  and  e thy lene   and  a  f i r s t   d i s t i l l a t i o n   bottoms  con t a in ing   a 
second  p o r t i o n   of  said  a l c o h o l ;  

condensing  at  l e a s t   a  p o r t i o n   of  said  f i r s t   d i s t i l l a t i o n  

overhead  c o n t a i n i n g   said  alcohol   and  said  at  l e a s t   one  of  oxygen,  

n i t r o g e n ,   methane,  fuel   gas,  e thane,   hydrogen,   and  e t h y l e n e ;  

t h e r e a f t e r ,   s e p a r a t i n g   said  f i r s t   d i s t i l l a t i o n   overhead  in  a 

s e p a r a t i n g   zone  into  separa ted   l i qu id   a lcohol   and  gaseous  at  l e a s t   one  o f  

oxygen,  n i t r o g e n ,   methane,  fuel  gas,  e thane ,   hydrogen,  and  e thy lene ;   and 

r ecove r ing   said  f i r s t   d i s t i l l a t i o n   bottoms  and  supplying  s a i d  
thus  recovered  f i r s t   d i s t i l l a t i o n   bottoms  for  use  in  the  con t ac t i ng   s t e p  
( a ) .  

2.  The  p r o c e s s   of  c l a i m   1  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   a  

p o r t i o n   of  s a i d   s e p a r a t e d   l i q u i d   a l c o h o l   i s   i n t r o d u c e d  

i n t o   s a i d   f i r s t   d i s t i l l a t i o n   zone   as  a  p o r t i o n   of  s a i d  

f e e d   s t r e a m   w i t h   s a i d   m i x t u r e   c o n t a i n i n g   an  a l c o h o l   a n d  

a t   l e a s t   one  of  o x y g e n ,   n i t r o g e n ,   m e t h a n e ,   f u e l   g a s ,  

e t h a n e ,   h y d r o g e n ,   and  e t h y l e n e .  

3.  The  p r o c e s s   of  c l a i m   1  or  2  c h a r a c t e r i z e d   f u r t h e r   t o  

i n c l u d e :  

s e p a r a t i n g   a  l i q u i d   c o n t a i n i n g   w a t e r   and  a l c o h o l   f r o m  

s a i d   f i r s t   r e a c t i o n   m i x t u r e ;  

d i s t i l l i n g   s a i d   t h u s   s e p a r a t e d   l i q u i d   c o n t a i n i n g   w a t e r  

and  a l c o h o l   in  a  s e c o n d   d i s t i l l a t i o n   zone  t h e r e b y   f o r m i n g  

a  s e c o n d   d i s t i l l a t i o n   o v e r h e a d   c o n t a i n i n g   s a i d   a l c o h o l  

and  a  s e c o n d   d i s t i l l a t i o n   b o t t o m s   c o n t a i n i n g   s a i d   w a t e r ;  

a n d  

r e c o v e r i n g   s a i d   s e c o n d   d i s t i l l a t i o n   o v e r h e a d   c o n t a i n i n g  

s a i d   a l c o h o l .  



4.  The  p r o c e s s   of   c l a i m   3  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   a  

p o r t i o n   of  s a i d   r e c o v e r e d   s e c o n d   d i s t i l l a t i o n   o v e r h e a d  

i s   c o n d e n s e d   t o   l i q u i d   and  a t   l e a s t   a  p o r t i o n   of  t h e   t h u s  

c o n d e n s e d   l i q u i d   i s   i n t r o d u c e d   i n t o   s a i d   s e c o n d   d i s t i l l a -  

t i o n   zone   as  a  r e f l u x   s t r e a m .  

5.  The  p r o c e s s   of   c l a i m   3  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   a  

p o r t i o n   of  s a i d   r e c o v e r e d   s e c o n d   d i s t i l l a t i o n   o v e r h e a d   i s  

c o n d e n s e d   t o   l i q u i d   and  a t   l e a s t   a  p o r t i o n   of  t h e   t h u s  

c o n d e n s e d   l i q u i d   i s   i n t r o d u c e d   i n t o   s a i d   f i r s t   d i s t i l l a -  

t i o n   zone   as  a  p o r t i o n   of  s a i d   f e e d   s t r e a m   w i t h   s a i d   m i x -  

t u r e   c o n t a i n i n g   an  a l c o h o l   and  a t   l e a s t   one  of  o x y g e n ,  

n i t r o g e n ,   m e t h a n e ,   f u e l   g a s ,   e t h a n e ,   h y d r o g e n ,   a n d  

e t h y l e n e .  

6.  The  p r o c e s s   of  c l a i m   5  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   a  

p o r t i o n   of  t h e   t h u s   c o n d e n s e d   l i q u i d   i s   i n t r o d u c e d   i n t o  

s a i d   s e c o n d   d i s t i l l a t i o n   zone  as  a  r e f l u x   s t r e a m .  

7.  The  p r o c e s s   of  c l a i m   1  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   a  

p o r t i o n   of  s a i d   s e p a r a t e d   l i q u i d   a l c o h o l   i s   i n t r o d u c e d  

i n t o   s a i d   f i r s t   d i s t i l l a t i o n   zone  as  a  r e f l u x   s t r e a m .  

8.  The  p r o c e s s   of  c l a i m   1  c h a r a c t e r i z e d   in  t h a t   f r o m   5  to   30  

voume  p e r c e n t   of   s a i d   f e e d   s t r e a m   of  a  m i x t u r e   c o n t a i n i n g  

an  a l c o h o l   and  a t   l e a s t   one  of  o x y g e n ,   n i t r o g e n ,   m e t h a n e ,  

f u e l   g a s ,   e t h a n e ,   h y d r o g e n ,   and  e t h y l e n e   i s   f o r m e d   i n t o  

s a i d   f i r s t   d i s t i l l a t i o n   o v e r h e a d   in  s a i d   d i s t i l l i n g   s t e p .  

9.  The  p r o c e s s   of  any  of  c l a i m s   1  to  8  c h a r a c t e r i z e d   in  t h a t  

s a i d   a l c o h o l   i s   m e t h a n o l .  

10.  The  p r o c e s s   of  any  of  c l a i m s   1  to   9  c h a r a c t e r i z e d   in  t h a t  

s a i d   g a s e o u s   a t   l e a s t   one  of  o x y g e n ,   n i t r o g e n ,   m e t h a n e ,  

f u e l   g a s ,   e t h a n e ,   h y d r o g e n ,   and  e t h y l e n e   i s   c o m b u s t e d  

and   v e n t e d   to   a t m o s p h e r e .  

1 1 .  A   s y s t e m   f o r   c o n t r o l l i n g   the   p r o c e s s   of  any  of  c l a i m s   1 

to  10  c h a r a c t e r i z e d   by  means   r e s p o n s i v e   to   t h e   f l o w   o f  



s a i d   f e e d   s t r e a m   i n t o   s a i d   f i r s t   d i s t i l l a t i o n   zone  f o r  

c o n t r o l l i n g   t h e   h e a t   i n p u t   i n t o   s a i d   f i r s t   d i s t i l l a t i o n  

z o n e ;   or   m e a n s   r e s p o n s i v e   to  t h e   f l o w   of  s a i d   f e e d   s t r e a m  

i n t o   s a i d   f i r s t   d i s t i l l a t i o n   zone  f o r   c o n t r o l l i n g   t h e  

h e a t   i n p u t   i n t o   s a i d   f i r s t   d i s t i l l a t i o n   z o n e ,   and  m e a n s  

r e s p o n s i v e   to   t h e   l e v e l   of  s a i d   f i r s t   d i s t i l l a t i o n   b o t t o m s  

in  s a i d   f i r s t   d i s t i l l a t i o n   zone  f o r   c o n t r o l l i n g   t h e   o u t -  

p u t   of  s a i d   f i r s t   d i s t i l l a t i o n   b o t t o m s   f rom  s a i d   f i r s t  

d i s t i l l a t i o n   z o n e ;   in  p a r t i c u l a r   c h a r a c t e r i z e d   f u r t h e r  

t o   i n c l u d e   m e a n s   r e s p o n s i v e   to  t h e   l e v e l   of  s e p a r a t e d  

l i q u i d   a l c o h o l   in  s a i d   s e p a r a t i n g   zone   f o r   c o n t r o l l i n g  

t h e   o u t p u t   of  s e p a r a t e d   l i q u i d   a l c o h o l   f r o m   s a i d   s e p a r a -  

t i n g   zone  i n t o   s a i d   f i r s t   d i s t i l l a t i o n   zone   as  a  p o r t i o n  

of  s a i d   f e e d   s t r e a m .  

12.  A  s y s t e m   f o r   c o n t r o l l i n g   t he   p r o c e s s   of  any  of  c l a i m s  

1  to  10  c h a r a c t e r i z e d   by  means  r e s p o n s i v e   to   t h e   l e v e l  

of  s e p a r a t e d   l i q u i d   a l c o h o l   in  s a i d   s e p a r a t i n g   zone  f o r  

c o n t r o l l i n g   h e a t   i n p u t   i n t o   s a i d   f i r s t   d i s t i l l a t i o n   z o n e ;  

or  means   r e s p o n s i v e   to   t he   f l o w   of  s a i d   f e e d   s t r e a m   i n t o  

s a i d   f i r s t   d i s t i l l a t i o n   zone  f o r   c o n t r o l l i n g   t he   i n t r o -  

d u c t i o n   of  s a i d   r e f l u x   s t r e a m   i n t o   s a i d   f i r s t   d i s t i l l a -  

t i o n   z o n e ;   or  means   r e s p o n s i v e   to   t h e   l e v e l   of  s a i d   f i r s t  

d i s t i l l a t i o n   b o t t o m s   in  s a i d   f i r s t   d i s t i l l a t i o n   zone  f o r  

c o n t r o l l i n g   t h e   o u t p u t   of  s a i d   f i r s t   d i s t i l l a t i o n   b o t t o m s  

f rom  s a i d   f i r s t   d i s t i l l a t i o n   zone ;   or  means   r e s p o n s i v e   t o  

t h e   t e m p e r a t u r e   w i t h i n   s a i d   s e p a r a t i n g   zone  f o r   c o n t r o l -  

l i n g   t h e   c o n d e n s i n g   of  a t   l e a s t   a  p o r t i o n   of  s a i d   f i r s t  

d i s t i l l a t i o n   o v e r h e a d ;   or  means  r e s p o n s i v e   to   t he   p r e s s u r e  
w i t h i n   s a i d   s e p a r a t i n g   zone  f o r   c o n t r o l l i n g   t he   v e n t i n g   o f  

s a i d   g a s e o u s   a t   l e a s t   one  of  o x y g e n ,   n i t r o g e n ,   m e t h a n e ,  

f u e l   g a s ,   e t h a n e ,   h y d r o g e n ,   and  e t h y l e n e   f rom  s a i d   s e p a -  

r a t i n g   z o n e .  
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